Ongoing evidence for earthquake clustering calls upon records of numerous 16 earthquake cycles to improve seismic hazard assessment, especially where recurrence 17 times overstep historical records. We show that most turbidites emplaced at the Africa-18
INTRODUCTION 29
Earthquake time series reveal that rupture occurrence depends on the history of 30 the causative fault, but also of adjacent ones (Stein, 1999; Scholz, 2010) . Two main 31 limitations however exist in outcrop study of faults: the scarce access to faults and the 32 short time span of earthquake time series. Chronostratigraphy of earthquake-triggered 33 turbidites provides insightful paleoquake records in subduction zones (Goldfinger et al., 34 2003) and helps overcoming these limitations. 35
Turbidite paleoseismology relies on the fact that significant seafloor shaking 36 during large earthquakes promotes multiple and widespread turbidity currents, depositing 37 greater sediment volumes (Goldfinger et al., 2003 and references therein) than those 38 triggered by climatic events (Einsele et al., 1996) . A widespread synchronous trigger is a 39
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Page 6 of 18 turbidites with a coarse base (up to 1000 µm) fining upwards to silts and clays. The grain 115 size distribution supports well-sorted deposits. Contrastingly, most hemipelagites are 116 unsorted and show a plateau for grain size comprised between ~30 and >300 µm 117 associated to biogenic particles (Fig. 2c) . This criterion appears more reliable for 118 discriminating turbidites from hemipelagites when the compositional contrast is low 119 (Ratzov et al., 2010) . Where discrimination remains uncertain (e.g., sediment mixing by 120 bioturbation), we consider the interval as an uncertainty included in the age model (Fig.  121 
2; Figs. DR2 and DR3). 122
Turbidites may be stacked without intervening hemipelagites in proximal cores 123 KMDJ07 and KMDJ08. Such stacks may reflect: (1) simultaneous slope failures during 124 an earthquake, (2) large aftershocks or earthquakes occurring closely in space and time, 125 (3) pulses and flow discontinuities in the turbidity current (Van Daele et al., 2013) or (4) 126 seafloor erosion of hemipelagites by the coarse fraction of the subsequent turbidite 127 (Goldfinger et al., 2003) . Since we hardly discriminate among these scenarii, we consider 128 a single trigger when stacks contain no hemipelagites, and multiple triggers where the 129 presence of hemipelagites is unclear. 130
We define an event (E) as a turbidite or a stack of turbidites that either 131 corresponds to a historical earthquake or is synchronous in at least two cores. We identify 132 13 events based on turbidite correlation with overlapping age error bars across two or 133 three cores (Figs. 2 and 3) . Although the error bars of events may overlap, the 134 stratigraphy of deposits allows establishing the number of events. Seven events are 135 retrieved in all cores (E3, E5, E9, E10, E11, E12, and E13), five correlate across two 136
Publisher: GSA Journal: GEOL: Geology DOI:10.1130/G36170.1 Page 7 of 18 cores (E2 and E4 collected in the same system, E6, E7, and E8), and only two turbidites 137 are single ones: T1 in core PSMKS19 (E1) and T10 in core KMDJ07 (Fig. 2a) . 138
Ground motion prediction equations applied to our case study show that M >6.5 139 earthquakes are required to produce a peak ground acceleration (PGA) sufficient to 140 promote slope failures ( Fig. 4; Fig. DR8 ). Our study should therefore trace the cycling of 141 M >6.5 earthquakes occurring approximately within the area mapped in Figure 1 . 142
DISCUSSION AND CONCLUSION 143

From Turbidites to Paleo-Earthquakes 144
The greater amount of turbidites in more proximal cores (Fig. DR1) suggests that 145 turbidites in our cores are not linked to climatic events (floods, hyperpycnal flows) that 146 usually depict short runouts. Instead, the clear synchroneity of at least seven groups of 147 turbidites supports a regional trigger that we interpret as coseismic. Although visible in a 148 single core, turbidite T1 of core PSMKS19 has an error bar (0-460 yr) that includes the 149 age of the 1954 Orléansville earthquake and is located near a cable break (Heezen and 150 Ewing, 1955) . As no large (M >6.5) historical events occurred in the area during the 0-151 460 yr time span (Boughacha et al., 2004) , T1 likely corresponds to the 1954 earthquake. 152
The lack of events E1 in cores KMDJ07 and KMDJ08, and E2 in core KMDJ07, likely 153 results from the loss of the uppermost deposits in the piston corer. Conversely, the lack of 154 turbidites coeval with T10 in Core KMDJ07 cannot be caused by sampling limitations. 155
Because T10 occurs ~500 yr after the previous earthquake, the slope was most likely 156 reloaded with sediments, thus the lack of coeval record in other cores supports that T10 is 157 local and not triggered by a large earthquake. 158
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The strongest argument to interpret the turbidites as coseismic is their correlation 159 with independent paleoseismic data inland (Sumner et al., 2013) , here, the El Asnam fault 160 scarp, the greatest fault in the area. At least eight out of nine paleoquakes are coeval with 161 the submarine record within their error bars (all events except E7, Fig. 3 ). This clear 162 correlation suggests that ruptures on the El Asnam fault triggered these turbidites. 163
However, other faults in the area may have triggered the turbidites in case they ruptured 164 almost synchronously (i.e., within few decades) with the El Asnam paleoquakes. Indeed, 165 although the error bar of Event E1 overlaps both 1954 and 1980 earthquakes, only the 166 first one triggered turbidity flows in the area (Heezen and Ewing, 1955) . Sediment prone 167 to failure was probably flushed during the earlier earthquake, thus lowering the 168 probability of a subsequent failure. Similarly, the slight asynchrony of Event E7 with the 169 El Asnam paleo-earthquake (<100 yr) may result from bursts of activity on nearby faults. 170 Therefore, it is impossible to assign a turbidite to a specific fault segment, and the 171 number of large earthquakes may exceed the number of turbidites found (i.e., a single 172 turbidite may hide multiple earthquakes). Still, the nine ruptures identified on the El 173
Asnam fault scarp remarkably match the nine widespread turbidites deposited within very 174 short time spans. Turbidites triggered by earthquakes from active faults located in other 175 regions (e.g., the Iberian margin) have no chance to reach our area, given (1) the large 176 distance (>250 km) of our coring sites to canyons and major faults of Iberia (Gràcia et al., 177 2006) , and (2) the depth of coring, significantly less than the deepest basin floor 178 (Babonneau et al., 2012) . 179
Earthquake Recurrences and Supercycles 180
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Although the turbidite record is incomplete for earthquakes occurring closely in 181 time (a few decades), the 13 paleo-events identified define three clusters of seismicity 182 ( Letters, v. 81, p. 195-206, doi:10.1785/gssrl.81.2.195. 220 Avouac, J.-P., Meyer, B., and Tapponnier, P., 1992, On the growth of normal faults and 221 the existence of flats and ramps along the El Asnam active fold and thrust system: 222 Tectonics, v. 11, p. 1-11, doi:10.1029/91TC01449. 223 Babonneau, N., Cattaneo, A., Savoie, B., Barjavel, G., Déverchère, J., and Yelles, K., T2   T1   T3   T4   T5   T6   T7   T8   T9   T10   T11   T12   T13   T14   T15   T16   E2   E3   E5   E6   E8   E9   E10   E11   E12   E13   E7   E3 
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